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11 Introduction
The high unemployment rates in European countries have traditionally been explained
by the strict regulation of European labour markets. Generous unemployment beneﬁts,
restrictions on hiring and ﬁring, and restrained wage competition are often blamed re-
sponsible for the poor performance of European countries. In particular, Bentolila and
Bertola (1990) propose a partial equilibrium analysis of ﬁrms’ optimal employment with
linear adjustment costs ﬁnding that ﬁring costs affect the ﬁring policy much more than
the hiring policy. They also ﬁnd that the reduction of the ﬁring costs should not signiﬁ-
cantly rise the ﬁrms’ propensity to hire while strongly affecting their willingness to ﬁre.
Also, Blanchard and Landier (2002) argue that the introduction of ﬁxed-term contracts
with lower ﬁring costs than permanent contracts have the main effect of higher turnover
in entry-level jobs and lead to higher unemployment. These works and others such as
Canziani and Petrongolo (2001), rely on the existence of ﬁring costs to explain youth and
long-term unemployment. Table 1 shows the unemployment rate for youth workers and
for the whole labour force in a sample of OECD countries. Two facts can be observed
there. First, unemployment rates for youth double the unemployment rates of the whole
labour force. An second, countries with lower ﬁring costs (traditionally the US and UK)
do not display signiﬁcantly lower unemployment rates, specially for young workers.
In a competitive model equilibrium unemployment can be explained by the existence of
minimum wages. Thus, there is a great number of works that study empirically the effects
of minimum wages. A consistent conclusion, as Neumark and Wascher (2007) point
out in their survey, is the negative employment effects of minimum wages, specially for
low-skilled individuals. Neumark and Wascher (1995b ,1996b ,2003) also found that a
higher minimum wage leads to a signiﬁcant decline in the proportion of active teenagers
increasing the number of them who are neither in school nor employed. It has also been
observed that a higher minimum wage may inﬂuence the relative wage of high-skilled
groups. In relation to this “spill-over” effect of minimum wages, Lee (1999), DiNardo,
Fortin and Lemieux (1996), Green and Paarsch (1996), and Neumark, Schweitzer and
Wascher (2004), among others, ﬁnd that the minimum wage affects not only the earnings
2Youth vs. adult unemployment rates
U.R. U.R.15-19 U.R. 15-24
Countries 2000 2009 2000 2009 2000 2009
US 4 9.3 14 27.8 9.3 17.6
UK 5.5 7.7 17.3 29.5 11.7 18.9
France 10 9.1 17.6 26.9 20.7 22.8
Germany 7.8 7.7 7.6 10.7 8.4 11
Italy 10.5 7.8 30.9 37 29.7 25.4
Spain 13.9 18 25.8 55 25.3 37.9
UE15 8.2 9.1 15.6 24.2 15.7 19.4
OECD 6.2 8.2 13.2 21.4 12 16.7
Table 1: Unemployment rates.
of workers on the minimum wage but also workers with higher wages. This ”spill over”
effect has been mainly associated with a substitution effect between low-skilled labour
and high skilled labour, or based on efﬁciency arguments, as Grossman (1983) points out.
By increasing the relative price of low-skilled labour minimum wages may lead to an
increased demand for more skilled workers. This explanation partially collides with the
observeddiscouragingeffectoneducationenrollmentratesmentionedabove, sincehigher
wages for skilled workers should act as an incentive to increase the education level. In
this paper, we provide an alternative explanation based on the role of education as a signal
that overcomes this limitation.
Another issue widely referred in the literature is the asymmetry of information be-
tween young workers and ﬁrms. A critical element of the school-to-work transition is this
asymmetry of information between ﬁrms and workers about their true productivity. Since
workers in their early stages of labour life do not have any signiﬁcant past labour experi-
ence, ﬁrms have to infer their productivity from indicators such as the educational level.
Some of the main issues concerning school-to-work transitions are related with the role of
education as a mean to overcome successfully that asymmetry information problem and
thus education has an important role as a signalling mechanism. Since the seminal work
of Spence (1973) non compulsory education can be viewed both, as a way used by work-
3ers to signal their quality to ﬁrms and as a way used by ﬁrms to discriminate ex-ante the
productivity of workers. This mechanism has also been included in Greenwald (1986),
Gibbons and Katz (1991) and Riordan and Staiger (1993). Along these lines Canziani and
Petrongolo(2001)studyhowthewayﬁrmsformexpectationsaboutworkers’productivity
is affected by the presence of ﬁring costs.
In this paper we study the relation between labour market institutions and the educa-
tional system and its effects on youth unemployment rates. We ask whether it is possible
that the design of the educational system may alter youth unemployment rates, and con-
versely, if labour market institutions can inﬂuence individuals’ educational decisions. We
then construct a signalling model with lay-off costs in which young workers can use edu-
cation as a signal of their unobservable ability level in the school-to-work transition. By
investing in education at the beginning of their life individuals can send a signal of their
true productivity to potential employers. This decision is going to depend on the cost
of education, which include the monetary costs and the effort to be exerted to obtain the
degree, and the expected revenues of the investment.
Our results are as follows, ﬁrst we show that the introduction of a signalling mech-
anism reduces unemployment by providing a signal to high ability individuals. Second,
the design of the signalling mechanism may heavily affect the youth unemployment rate.
Moreprecisely, ifthecostofeducationistoolowthesignallingmechanismdoesnotallow
to discriminate enough among individuals and the unemployment rate may increase. Fol-
lowing this argument, we show that there exists an education cost function that minimizes
ﬁring costs and leads to a zero unemployment rate. Third, the existence of a minimum
wage distorts the signalling mechanism and workers’ decisions. Minimum wages tend to
increase unemployment and reduce the willingness to study, not only among low-skilled
individuals but also among intermediate ability workers with ability level above the min-
imum wage. Finally, we also ﬁnd that the introduction of minimum wages may inﬂuence
the wage and the educational decision of high ability workers explaining the “spill-over”
effect mentioned above.
The rest of the paper is organized as follows. Section 2 describes the model with one
educational signal and the information structure of the signalling game. The main im-
plications on the unemployment rate and the educational decisions are derived in section
43. In section 4 we introduce a minimum wage and study its effects in the framework
developed in section 2. Section 5 concludes.
2 Model setup
We consider a signalling model in which education is used as a signal of the unobserved
productivity. Workers with no experience in the labour market may acquire education in
order to send a signal of their true productivity, which is unknown to ﬁrms. The two main
problems that young unexperienced workers face to obtain a ﬁrst job when they enter
the labour market, are the lack of experience and the lack of information that potential
employers have on their ability to perform job tasks. Since we want to address these difﬁ-
culties, we consider a ﬁxed-term contract for the school-to-work transition that applies to
this group of workers. These sort of contracts have been used in several recent works as
in Blanchard and Landier (2002) and Canziani and Petrongolo (2001). Moreover, Booth,
Francesconi and Frank (2002) ﬁnd empirical evidence that ﬁxed-term contracts are a step-
ping stone to permanent work.
We consider a three period model in which the ability of a worker is denoted by .
This ability level is distributed on the interval [;]. The sequence of events is depicted
in ﬁgure 1. At the beginning of the ﬁrst period workers decide whether to increase their
educational level or not, once this decision has been taken they enter the labour market
where they can be hired by a ﬁrm. This implies that there are two types of workers in
the labour market, those who have studied and those who have not. As we will show
later, in equilibrium there are two different wages one for educated workers, wHS, and
other for uneducated workers ,wLS. Right after the educational decision has been taken
workers are hired. At that moment the ability of a worker is unknown to ﬁrms and they are
offered a two-period contract with constant wage. It is not until the end of the ﬁrst period
that the ability level is revealed to the ﬁrm that hires the worker, but it remains unknown
for the rest of the ﬁrms until the end of the second period. As in Gibbons and Katz
(1991) we assume that a worker’s current employer is better informed about the worker’s
productivity than prospective employers. Consequently, workers hired at the beginning
of period 1 receive a wage wHS or wLS depending on their educational level, but when
5t = 0





Innate ability is revealed
If ﬁred receives F
If not receives wHS or wLS
Ability is common knowledge
Wages are equal to productivity
?
Figure 1: Sequence of events.
their ability is revealed at the end of the ﬁrst period they may be ﬁred at a cost F for the
ﬁrm. If we consider a linear technology in which the productivity of each worker is given
by k, uneducated workers with ability  <
wLS F
k and educated workers with ability
 <
wHS F
k are ﬁred at the end of the ﬁrst period and by assumption remain unemployed
for one period. In the second period the true ability of each worker is only known to the
ﬁrm that employs the worker and only those whose ability is over the ﬁring threshold
remain in the ﬁrm. In the third period, the ability of workers is common knowledge
and they receive a wage equal to their productivity.1 It is important to stress that in this
model the only purpose of education is to send a signal of the true ability and that being
educated does not imply a higher productivity. One may consider this two-period contract
as an apprenticeship contract in which workers need two periods to acquire the knowledge
needed to implement all their potential productivity. This process takes place in the form
of on the job training formation. Once this has been done and given that the ability level
is known, compensation is equal to productivity.
2.1 Workers
In our model economy all job positions, which can be created at cost zero, can be ﬁlled
by both type of workers. Besides, workers are assigned to positions by an auction mecha-
nism where competitive risk neutral ﬁrms offer higher wages for a given worker until the
1We could assume that productivity in the third period depends on past history and that workers that
have not been ﬁred have a higher productivity than those that were ﬁred. However, the equilibrium would
not be affected
6expected proﬁt is equal to zero.
We assume that agents are risk neutral and discount future at a rate 1 for the second
period and 2 for the third period. The different discount rates can also be interpreted
as the relative length of period 2 and 3. In order to take the educational decision at the
beginning of period 1 agents take into account the wages paid by ﬁrms wHS, wLS, the
ﬁring cost F and the cost of education C() which is a continuous and strictly decreasing
function of the ability level  and is always positive. This cost function represents both the
monetary cost of acquiring education and the effort that has to be exerted to reach a certain
educational level. We assume that this effort is decreasing with the ability level. Since
workers know their own ability and equilibrium wages wHS and wLS, they can predict
if they will be ﬁred in the second period. Following this argument, a worker chooses to
increase her educational level if the amount of additional earnings due to higher education
is greater than the cost of education. The next proposition states the cases in which a
worker decides to obtain education.
PROPOSITION 2.1 : A worker with ability  decides to increase her educational level
only in the following cases:
i) When the worker is never ﬁred and
(1 + 1)(wHS   wLS) > C():
ii) When the worker is always ﬁred and
(wHS   wLS) > C():
iii) When the worker is ﬁred only if she decides to be educated and
(wHS   wLS)   1(wLS   F) > C():
PROOF : The worker decides to obtain education if the earnings when educated less the
cost of education are greater than the earnings when she has no education. In case i) this
occurs when
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Figure 2: Education decision.
Rearranging terms we obtain the expression in proposition 2.1. Similar arguments lead to
cases ii) and iii).
If we denote P F
HS as the indicator function of the event “be ﬁred” if the agent chooses
to increase her educational level and P F
LS as the indicator function of the event “be ﬁred”
if not, we can summarize the three conditions in proposition 2.1 as,







LS)   C() > 0: (1)
Only if E(wLS;wHS) > 0 does a worker decide to study. Condition (1) can be depicted
graphically for given values of wHS and wLS as illustrated in ﬁgure 2. There it can be
observed that (1) has two discontinuity points, the left one is the ﬁring threshold for non-
educated workers while the right one is the ﬁring threshold for educated workers.
ASSUMPTION 1 : C() is such that:
a) Individuals always tell the truth.
b) C() < k.
Part a) of assumption 1 entails that workers that are always ﬁred have no incentive to
acquire education. If not, workers with no education but with ability level above the ﬁring
8threshold for low skilled workers would have incentives to study and pretend they have
a lower ability level than their true value to increase earnings.2 Part b) guarantees that
there are individuals for which increasing the educational level is proﬁtable.3 These two
assumptions guarantee the existence and interiority of the educational threshold  for a
given set of competitive wages, implying that there are always both types of workers.
PROPOSITION 2.2 : For any given value of (wHS;wLS), assumption 1 implies that there
exists a unique ability level  2 (;) which determines that workers with ability   
decidenottoincreasetheireducationallevelwhileworkerswith >  decidetoincrease
their educational level. Moreover, one can deﬁne a continuous function f : <2
+ ! [;]
that assigns a unique value  in (;) to any pair (wHS;wLS) 2 <2
+.
PROOF : This result comes from assumption 1 and the continuity and strict monotonicity
of C().




HS;) = 0: (2)
2.2 Firms
Before hiring a young unexperienced worker the true ability is unknown to the ﬁrm. We
represent this uncertainty by assuming a differentiable distribution function for workers’
ability H() with density function h() deﬁned on the interval [;]. For expositional
purposeswepresentﬁrsttheproblemoftheﬁrmforthecaseinwhichthereisnoeducation
signal.
2.2.1 No education signal
When there is no signal ﬁrms cannot discriminate between workers since all of them have
the same educational level and therefore there is a common wage for all the workers with
2In ﬁgure 2 assumption 1 implies that the cost function satisﬁes C() > wHS   wLS in the interval
    wLS F
k .
3In ﬁgure 2 it would be enough to assume C() < (1 + 1)(wHS   wLS).
9no experience. We deﬁne the expected proﬁt for a position given the wage w as
V (w) = E[k   w + 1maxfk   w; Fg] (3)
which can also be written as









In a competitive setting ﬁrms offer a common wage w in period 1 and 2 that makes their
expected proﬁt equal to zero. In the third period ﬁrms have zero proﬁts because the ability
of workers is common knowledge and they are paid their productivity. The equilibrium
wage w will be such that (3) is equal to zero. The equilibrium value w can also be
obtained as the solution to the following equation
w










LEMMA 2.4 : There exists a unique w that satisﬁes equation (4).
PROOF : The expected proﬁt V (w) in (3) is a continuous and strictly decreasing function
of w. Moreover, we have that V (0) > 0 and for w high enough V (w) < 0. By Bolzano’s
theorem there exists a w for which V (w) = 0 and since V (w) is a strictly decreasing
function w is unique.
If no worker is ﬁred w is the usual competitive solution when there is imperfect
information w = kE[]. This can only happen when the ﬁring cost is high enough.
More precisely, no worker is ﬁred when F  k(E[] ). For lower values of F, w may
be greater than the unconditional expected productivity kE[] and therefore workers with
ability  < w F
k are ﬁred in the second period.4
2.2.2 Education as a signal
Now we consider the case in which individuals can send a signal of their ability level to
potential employers acquiring education at a cost C() at the beginning of the ﬁrst period.
As already pointed out, in this model education only has value as information since it
4The number of unemployed workers depends on the shape of the distribution function H().
10is costly and observable while the ability level is unobservable. We deﬁne the expected
proﬁt for a ﬁrm when it hires an educated worker as
V (wHSj > 
) = E[k   wHS + 1maxfk   wHS; Fgj > 
]; (5)
given an equilibrium value for the educational threshold . In a similar way the expected
proﬁt when the worker has no education is,
V (wLSj  
) = E[k   wLS + 1maxfk   wLS; Fgj  
]: (6)
Let us deﬁne the probability density function of workers that decide to increase their
educational level as m() =
h()
1 H() and its corresponding distribution function as M().
In the same manner one can deﬁne the probability density function of workers that decide
not to buy education as b() =
h()
H() and its corresponding distribution function as B().
From the previous two equations and following similar arguments as in the case with no
signal, the equilibrium wage for educated workers given  is the solution to,
w















In the same line, the equilibrium wage for uneducated workers is given by,
w
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PROPOSITION 2.5 : For a given value of the educational threshold  there exists a
unique value for (w
HS;w
LS) that satisﬁes equations (7) and (8). Moreover, it can be
deﬁned a continuous function g : [;] ! <2
+ that assigns a unique value to the pair
(wHS;wLS) for any possible value of  in [;].
PROOF : Similar arguments as for lemma 2.4 lead to this result.
2.3 Equilibrium
Once we have laid out the problem of individuals and ﬁrms we study the existence and
uniqueness of the equilibrium of the model economy. First, we deﬁne the equilibrium.
DEFINITION 1 : For the set of parameter values fk;1;2;Fg and distribution func-





LS) and education threshold eq that satisfy equations (2), (7) and (8).
11In this model the equilibrium is given by three equations (2), (7) and (8). The main difﬁ-
culty to solve it is that equation (2) is not continuous and non-differentiable and therefore
it is not possible to obtain a closed-form solution. In the next theorem it is shown that a
unique separating competitive equilibrium does exist.






PROOF : By proposition 2.2 and proposition 2.5 it can be deﬁned a continuous function
z() = f(g()) such that z : [;] ! [;]. The existence of a ﬁxed point is given by
Brower’s ﬁxed point theorem.
ASSUMPTION 2 : C0() < .
Assumption 2 sets an upper bound for the slope of the cost function. Since C() is
downward sloping this assumption requires that C() is not too ﬂat. This is a necessary
condition to prove the uniqueness of the equilibrium in the next theorem. Constant  is de-
ﬁned in the appendix and depends on the shape of the distribution function H(). Hence,
assumption 2 has two main implications. First, it requires that the cost of education for
low ability and high ability individuals cannot be too similar. And second, it is shown in
the appendix that the distribution function of ability must be uniform enough to guarantee
that the variation of wHS and wLS with the educational threshold  is not too different.
THEOREM 2.7 : Under assumptions 1-2 the equilibrium deﬁned in theorem 2.6 is unique.
PROOF : See the appendix.
3 The role of education signalling and the ﬁring costs
In this section we study how ﬁring costs and the existence of the educational signal affect
the equilibrium of the economy and the unemployment rate. First and for expositional
purposes, let us consider a model economy with no frictions, that is, with no ﬁring costs
and perfect information. In this benchmark economy the wage is equal to worker’s pro-
ductivity, which is always known, and no one decides to study since education does not
increase productivity. Also, the unemployment rate is zero since there are no frictions or
12uncertainty in the labour market. The introduction of ﬁring costs does not alter these re-
sultssince perfectinformationon workersability eliminatesanyrisk forﬁrms whenhiring
a new worker. All this changes when the assumption of perfect information is dropped.
To study the effects of this assumption let us consider now an economy in which there are
no ﬁring costs, no education signal is available but workers’ ability is unknown to ﬁrms.
Given the sort of contract available for young unexperienced workers, the equilibrium
wage in the ﬁrst two periods is given by equation (4) with F = 0. Hence, if we denote
w
eq
0 as the equilibrium wage of this economy we have that it is the solution to
w
eq








Now, because there is a common wage for all workers, the productivity of some of them is
lower than the equilibrium wage w
eq
0 and once their productivity is known they are ﬁred.




k are laid off and the unemployment






 dH(). In this model unemployment is due to the lack
of information on workers’ ability. In the rest of this section we study how ﬁring costs
and the signalling mechanism may help to reduce the unemployment rate among young
unexperienced workers.
3.1 A model with ﬁring costs
When ﬁring costs are introduced in the model with asymmetric information the equilib-
rium wage for the ﬁrst two periods of the contract is given by equation (4) and we denote
it as w
eq
F . The ﬁring threshold and the unemployment rate differ from the case with no











 dH(). It can be shown that the existence
of ﬁring costs reduces both the equilibrium wage and the unemployment rate. To see this
consider equation (3), there VF(w)  V0(w) for any value of w, where V0(w) is the ex-
pected proﬁt of a position when there is no education signal and no ﬁring costs and VF(w)
is the expected proﬁt when there are ﬁring costs. Since the equilibrium wage must satisfy
that V (weq) = 0 and both VF(w) and V0(w) are decreasing functions of w, this implies














13When the contract is signed at the beginning of the ﬁrst period ﬁrms do not know the
ability of workers and all are paid the same wage. Hence, high ability workers receive a
compensation lower than their productivity while low ability workers receive more than
they produce. Once the true ability of workers is revealed in the second period those
with low productivity are ﬁred. The introduction of ﬁring costs implies that it is not
proﬁtable for ﬁrms to ﬁre so many workers in the second period and the equilibrium wage
must decrease to compensate for the lower average productivity, the unemployment rate
also decreases. If ﬁring costs are high enough the unemployment rate may be zero and
the wage drops to the average level of the labour force kE[]. In the next section we
consider the existence of a minimum wage, in that case the effects of ﬁring costs on the
unemployment rate may be softened and unemployment may arise, even with high ﬁring
costs.
3.2 A model with education signal and ﬁring costs
Now we consider the signalling model described in section 2 in which workers can in-
crease the educational level at the beginning of their working life and ﬁring is costly.
In order to understand the implications of the existence of the educational signal we fo-
cuss on the ﬁring costs, the cost function and their effects on the unemployment rate.5 A
second issue is the choice of a welfare function to evaluate which income distribution is
more desirable, in particular, if a common wage is preferable to a situation in which each
worker receives a wage equal to her productivity. We will not to deal with this second
problem and focuss only on the unemployment rate.











LS. To see this, let us consider
the ﬁrst inequality. We have that the equilibrium value w
eq
F is obtained when VF(w) = 0
and from (5) the equilibrium value of w
eq
HS is obtained when V (wHSj > eq) = 0.
Besides, for any value of w and  it is satisﬁed that V (wj > ) > VF(w). Since both
V (wj > ) and VF(w) are strictly decreasing functions of w and both take a strictly









5Notice that since education does not increase productivity output is maximized when all workers are
employed.
14Now we turn to how the existence of a signalling mechanism affects the unemploy-
ment rate. Due to this mechanism, the labour force is divided into educated and non-
educated workers and consequently the aggregate unemployment rate is the sum of the














When the signalling mechanism is available the problem of asymmetric information is re-
duced and one should expect that the unemployment rate would decrease. As the number
of signals increases the difference between expected productivity and the true productiv-
ity of workers is reduced and also the number of lay-offs.6 Before studying this issue in
more detail we deﬁne several bounds for the ﬁring costs.
As we have already explained, high enough ﬁring costs can lead to a zero unem-
ployment rate. Thus, we deﬁne the minimum level of the ﬁring costs that lead to zero
unemployment. First we consider the case when there is no educational signal.
DEFINITION 2 : When there is no educational signal the minimum level of ﬁring costs
that leads to zero unemployment is Fmin = k(E[]   ).
When individuals can choose their educational level there are two bounds for the ﬁring
costs, one for educated workers and other for non-educated workers. We deﬁne these two
bounds for a given educational threshold  as follows.
DEFINITION 3 : For a given educational threshold  when the educational signal is
available the minimum level of ﬁring costs that leads to zero unemployment for educated
workers is F HS
min() = k(E[j  ]   ).
DEFINITION 4 : For a given educational threshold  when the educational signal is
available the minimum level of ﬁring costs that leads to zero unemployment for non-
educated workers is F LS
min() = k(E[j  ]   ).
Itiseasytocheckthattheseboundssatisfythefollowingproperties: F HS
min() = F LS
min() =
0 and F HS
min() = F LS
min() = Fmin. Besides, we have that F LS
min() is a strictly increasing
6In the limit if there is a continuum of signals the unemployment rate should be zero since there is a









Figure 3: Firing costs.
function of  and for a uniform distribution function F HS
min() is a strictly decreasing
function of .7 All these properties are depicted in ﬁgure 3 for a uniform distribution
function. To evaluate how the existence of the signalling mechanism affects the unem-
ployment rate we have depicted in ﬁgure 4 the unemployment rate with and without the
educational signal for different ﬁring costs ranging from 0 to Fmin. We have considered
a uniform distribution in the interval [1;2] with k = 1 and 1 = 0:98. There it can be
observed that the unemployment rate when the education signal is available is always
lower than when it is not available. In this model the government has two instruments to
inﬂuence the equilibrium, the ﬁring cost and the cost of education, we denote this policy
vector as fF;C()g. If there is no signalling mechanism setting a ﬁring cost equal to Fmin
leads to a zero unemployment rate at the cost of reducing the wage of more skilled work-
ers. Nevertheless, as pointed out in the introduction, many studies relate the existence
of ﬁring costs with long-term unemployment. The introduction of education signalling
implies that a new policy instrument is available and new equilibria can be implemented
by the social planner. More precisely, it can be proved that a zero unemployment rate
can be achieved with a level of ﬁring costs under Fmin. In ﬁgure 3 b F is the minimum
level of ﬁring costs that yields a zero unemployment rate, the equilibrium educational
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Figure 4: Unemployment rate with and without signalling.
threshold associated with this is b . This outcome can be achieved if an appropriate cost
function consistent with b  is implemented. In the next proposition we show that the gov-
ernment can construct a policy fb F; b C()g that leads to a zero unemployment rate with an
equilibrium educational threshold b .
PROPOSITION 3.1 : Under assumption 1 there exists an optimal policy fb F; b C()g with
a constant " > 0 that leads to a zero unemployment rate with an equilibrium educational





b wHS   b wLS   1(b wLS   b F) + " for  < b 
0 for   b 
where b wHS and b wLS are the equilibrium wages when fb F; b C()g is implemented and the
equilibrium educational threshold is b .
PROOF : From ﬁgure 2 it follows that when fb F; b C()g is implemented individuals with
ability  < b  do not increase their educational level while those with  > b  decide to
study. The equilibrium wages are given by equations (7) and (8).
Proposition 3.1 illustrates how the cost function –or the educational system– may
affect the equilibrium outcome and how the choice of an appropriate cost function can
reduce signiﬁcantly the unemployment rate. Thus, if the cost of education is too low the
17equilibrium unemployment rate may converge to the solution of the no signalling model,
implying that the provision of the educational signal is not efﬁcient.8 Of course, this also
would entail that high-skilled workers see their wages diminished, creating incentives for
the construction of a new signal.
4 Minimum wages
Imposing a minimum wage reduces the set of wage menus that a ﬁrm can choose and
also disturbs the signalling mechanism. To understand the effect of such legislation in





LS;eq) with wmin > w
eq
LS.9 If the equilibrium is unique as in proposition 2.7,
the introduction of a minimum wage lowers the value of E(wLS;wHS) which rises 
rises (see ﬁgure 2). The change in  increases both wLS and wHS which in turn affects
E(wLS;wHS) again. Yet since the equilibrium is unique we know that the magnitude of
thissecondordereffectisnotenoughtocompensatetheeffectoftheminimumwage. This






LS > wmin cannot be
reached and therefore ﬁrms do not offer any position to non-educated workers. The reason
for this is that the expected revenue of a position for low ability workers is lower than the
wage to be paid wmin and hence there is only an incomplete equilibrium (w
eq0
HS;eq0) in
which ﬁrms only offer positions to educated workers. In this new equilibrium the number
of individuals that decide to study and the wage of educated workers may also be affected
by the minimum wage. Whether enrollment rates increase –or what is the same whether
eq and w
eq
HS drop– or not is going to depend on the skewness of the distribution function
H(). This can help to understand the “spill over” effect of minimum wages documented
in the empirical literature [e.g. Lee (1999), DiNardo, Fortin and Lemieux (1996), Green
and Paarsch (1996), and Neumark, Schweitzer and Wascher (2004)].
One of the main consequences of the introduction of a minimum wage is that individ-
uals with low ability are not able to enter the labour market. In the absence of a minimum





8We deﬁne efﬁciency in terms of unemployment since in this model education does not increase pro-
ductivity.
9If wmin < w
eq
LS the equilibrium is not affected.
18workers are hired in the ﬁrst period although some of them are ﬁred at the beginning of the
second period when their ability level is revealed. However, in the presence of a minimum
wage ﬁrms offer no positions to non-educated workers, whose ability is lower than eq0,
and unemployment arises in the ﬁrst period of the working life. Thus, the unemployment
















The existence of a minimum wage hinders the entry of low-skilled young workers into
the labour market and rises their unemployment rate, probably leading them to permanent
unemployment. But this is not its only effect, due to minimum wages the signalling mech-
anism is altered and school enrollment rates may also be affected. In our model education
is only a signal and does not increase the ability of individuals, however, if one regards
education as a valuable asset for individuals and society, the effects of minimum wages on
enrollment rates have also to be taken into account. To further investigate the implications
of minimum wages on enrollment rates we construct an example.
An economy with two signals
Assume an economy as the one considered so far but with two educational signals
instead of only one. More precisely, let us suppose that the cost functions for these two
signals are C1() and C2() such that C2() > C1() for all . With this example we
try illustrate some of the implications that the existence of a minimum wage may have in
this more general setting. Nevertheless, it must be stressed that solving the equilibrium
of this economy is much more complex than for the one signal model, moreover, unique-
ness is not guaranteed. In the appendix we provide the technical details, there it is also





(w2   w1)   1(w1   F)
(1 + 1)(w2   w1)
(w3   w2)   1(w2   F)
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Figure 5: Education decision with two signals.
Figure 5 depicts the education decision faced by individuals when there are two sig-











2 ). Workers with ability level  < 
eq
1 do not study and receive a wage
w
eq
1 . Individuals with ability 
eq
1 <  < 
eq
2 buy the less expensive educational signal
and receive a wage w
eq
2 . Finally, workers with ability  > 
eq
2 acquire the most expensive
educational signal and are paid w
eq
3 . Now consider the introduction of a minimum wage
such that w
eq
3 > wmin > w
eq
2 . As in the one signal model the existence of a minimum
wage implies that uneducated workers are not hired in the ﬁrst period. But now educated
workers may also have to face unemployment in the ﬁrst period since the existence of
a minimum wage may render irrelevant the ﬁrst educational signal. This may happen if
wmin is high enough and there is no other equilibrium with w
eq0
2 > wmin. In this case
ﬁrms are not willing to hire intermediate ability workers since their expected productivity
is too low. Consequently, individuals with ability  < 
eq0
2 do not pay the cost C1() of
the ﬁrst signal. For school enrollment rates the most dramatic effect of minimum wages
is that the educational structure of the population is polarized. There are individuals with
high levels of education, those with ability  > 
eq0
2 , but those whose ability level does
not reach this threshold have no education at all. Thus, in this equilibrium there are no
workers with intermediate levels of education since no worker buys the ﬁrst signal.10
10This example could be extended to an economy with n signals, in that case a minimum wage would
205 Conclusion
When the education level can be used as a signal of the unobservable ability level and
ﬁrms face separation costs several results are obtained. First, the design of the educa-
tional system may affect the unemployment rates of young unexperienced workers. Since
workers’ productivity is unknown to ﬁrms, a ﬁxed-term contract implies a common wage
for all the entrants in the labour market. Once ﬁrms observe the true productivity of work-
ers they ﬁre those whose productivity is too low. Higher ﬁring costs reduce the number
of lay-offs at the cost of decreasing the average wage. At this point the choice of a proper
signalling mechanism is crucial since if the cost of studying is very low there are too many
educated workers and their unemployment rate increases. This rate can be reduced by im-
posing a ﬁring tax, however, as it has been extensively studied in the literature high ﬁring
costs may reduce ﬁrms’ ﬂexibility and have undesirable productive inefﬁciencies. These
problems can be partially overcome by designing a well-structured educational system.
In fact, in our model we ﬁnd an education cost function that minimizes the ﬁring cost
necessary to have a zero unemployment rate.
Theexistenceofaminimumwagemaydistorttheequilibriumoutcomebyintroducing
asymmetries in the labour market. As already known, a minimum wage destroys positions
with low productivity, yet, in the context of a signalling game this effect can be ampliﬁed
since workers’ productivity is unobservable and individuals are grouped into educated and
non-educatedworkers. Thus, ifaminimumwagesufﬁcientlyhighisimposeditispossible
thatworkerswithproductivityhigherthantheminimumwageareunemployed. Moreover,
the introduction of a minimum wage may render irrelevant signals for workers with a
medium ability level dividing the labour force into non-educated workers and highly-
educated workers. Finally, minimum wage legislation may reduce the enrollment rates of
mediumandhigh-abilityworkersalsoincreasingthenumberofyounginactiveindividuals
that neither study.
eliminate all the signals below the minimum wage and individuals would acquire only the most costly
educational signals. Also, the educational thresholds and wages corresponding to the most costly signals
would be affected.
21References
Bentolila, S. and G. Bertola (1990): “Firing costs and labour demand: How bad is Eu-
rosclerosis,” The Review of Economic Studies, 52: 381-402.
Blanchard, O. and A. Landier (2002): “The perverse effects of partial labour market
reform: Fixed-term contracts in France,” The Economic Journal , 112: 214-244.
Booth, A.L., Francesconi, M. and J. Frank (2002): “Temporary jobs: Stepping stones or
dead ends?,” The Economic Journal , 112: 189-213.
Canziani, P. and B. Petrongolo (2001): “Firing costs and stigma: A theoretical analysis
and evidence from microdata,” European Economic Review , 45: 1877-1906.
DiNardo, J., Fortin, N. and T. Lemieux (1996): “Labor market institutions and the dis-
tribution of wages, 1973-1992. A semiparametric approach,” Econometrica , 64:
1001-1044.
Gibbons, R. and L. Katz (1991): “Layoffs and lemons,” Journal of Labor Economics ,
9: 351-380.
Green, D.A. and H.J. Paarsch (1996): “The effect of the minimum wages on the distri-
bution of teenage wages,” Discussion Paper 97-2, Department of Economics, Uni-
versity of Columbia.
Greenwald, B. (1986): “Adverse selection in the labor market,” The Review of Economic
Studies, 53: 325-347.
Grossman, J.B. (1983): “The impact of the minimum wage on other wages,” Journal of
Human Resources, 18: 359-378.
Lee, D. (1999): “Wage inequality in the United States during the 1980’s: Rising disper-
sion or falling minimum wage,” Quarterly Journal of Economics, 114: 977-1023.
Neumark, D., Schweitzer, M. and W. Wascher (2004): “The effect of minimum wages
throughout the wage distribution,” Journal of Human Resources , 39: 425-450.
22Neumark, D. and W. Wascher (1995): “Minimum wage effects on school and work
transitions of teenagers,” American Economic Review Papers and Proceedings , 85
n.2: 244-249.
Neumark, D. and W. Wascher (1996): “The effects of minimum wages on teenage
employment and enrollment: Evidence from matched CPS surveys,” in Solomon
Polanchek, ed. Research in Labor Economics vol. 15. Greenwich, Conn. JAI
Press.
Neumark, D. and W. Wascher (2003): “Minimum wages and skill acquisition: Another
look at schooling effects,” Economics of Education Review , 85 n.1: 1-10.
Neumark, D. and W. Wascher (2007): “Minimum wages and employment,” IZA Discus-
sion Paper , No.2570.
Riordan, M. and R. Steiger (1993): “Sectoral shocks and structural unemployment,”
International Economic Review , 34: 611-629.
Spence, M. (1973): “Job market signalling,” Quarterly Journal of Economics, 87: 255-
267.
23Appendix
Proof of theorem 2.7
In the signalling model the equilibrium is deﬁned by equations (2), (7) and (8). From
equations (7) and (8) equilibrium wages can be deﬁned as functions of the educational
threshold, w
HS() and w
LS(). Unfortunately, equations (7) and (8) do not have a
closed form solution. However, from equation (2) we have that the number of equilibria









and C(). Since we have already proved that there exists at least one equilibrium, to prove
the uniqueness of the solution it sufﬁces to show that C0() is lower than the slope of (9)
for all  in [;]. First we prove this for all the points off the discontinuity point given by
the ﬁring threshold for high skilled workers
wHS() F











k <  < 
w0
HS()   (1 + 1)w0
LS() if
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@ . By the implicit function theorem we
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h()(1 + 1)[k   wLS()]










LS() forall. Hence, asufﬁcientconditionforuniqueness
isthatC0() < w0
HS() (1+1)w0
LS(). Deﬁning = min

fw0
HS()   (1 + 1)w0
LS()g
we obtain the result for points off the discontinuity.
To end the proof we have that since wages and their derivatives are bounded and the
equilibrium function z() is continuous the equilibrium solution is unique.
24A model with two educational signals
Consider an economy as the one already studied but with two educational signals instead
of one. Suppose that the cost functions of each signal are C1() and C2() such that
C2() > C1() for all  and that these two functions satisfy all the properties required
to C(). Following similar arguments as in proposition 2.1 we have that in this economy
a worker with ability  decides to buy the ﬁrst educational signal only in the following
cases:
i) When the worker is never ﬁred and
(1 + 1)(w2   w1) > C1():
ii) When the worker is always ﬁred and
(w2   w1) > C1():
iii) When the worker is ﬁred only if she decides to be educated and
(w2   w1)   1(w1   F) > C1():
As it is shown below, when there are two signals the second signal is acquired only by
workers for whom it is also proﬁtable acquiring the ﬁrst signal. Then, a worker with
ability  decides to buy the second educational signal only in the following cases:
i) When the worker is never ﬁred and
(1 + 1)(w3   w2) > C2()   C1():
ii) When the worker is always ﬁred and
(w3   w2) > C2(   C1()):
iii) When the worker is ﬁred only if she buys the signal 2 but not when buying signal 1
and
(w3   w2)   1(w2   F) > C2()   C1():
25Now we make an extension of assumption 1,
ASSUMPTION 3 : For any given value of the vector (w1;w2;w3):
a) For all  such that  
w1 F
k it must be that C1() > w2   w1
b) C1() < (1 + 1)(w2   w1)
c) For all  such that  
w2 F
k it must be that C2() > w3   w2
d) C2() < (1 + 1)(w3   w2)
e) C2()   C1() > w3   w2
Part a) and c) of assumption 3 imply that workers that are always ﬁred have no incen-
tive to study while part b) and d) entail that there are workers for whom increasing the
educational level is proﬁtable. The last condition e) involves that not all the individuals
that buy signal 1 are willing to buy signal 2. If we denote the equilibrium educational














PROPOSITION 5.1 : For any given value of the vector (w1;w2;w3), assumption 3 implies
that there exists a unique pair of ability levels (
1;
2) 2 [;]2 which determines that
workers with ability   
1 decide not to increase their educational level, workers with
ability 
1 <   
2 decide to buy the ﬁrst signal and workers with  > 
2 decide to buy
the second signal. Moreover, one can deﬁne a continuous function f : <3
+ ! [;]2 that
assigns a unique pair (
1;
2) in [;]2 to any vector (w1;w2;w3) 2 <3
+.
PROOF : First, we have that in equilibrium 
2 > 
1, if not some workers would be willing
to buy signal 2 but not signal 1, this contradicts part e) of assumption 3. The existence
result comes from assumption 3 and the continuity and strict monotonicity of C1() and
C2().
Now we turn to the problem of the ﬁrms. We deﬁne the expected proﬁt for a ﬁrm
when it hires a worker with signal 2 as
V (w3j > 







1 some of the workers that do not by signal 2 have incentives to by signal 1 since C2() >
C1(), also, if 
eq
2 < w2 F
k all the workers that buy signal 1 would be ﬁred in the second period.
26given an equilibrium value for the educational threshold 
2. In a similar way the expected
proﬁt when the worker has signal 1 is,
V (w2j  
) = E[k   w2 + 1maxfk   w2; Fgj

1 <   

2]: (11)
The expected proﬁt when the worker has not studied is,
V (w1j  
) = E[k   w1 + 1maxfk   w1; Fgj

1 <   

1]: (12)
PROPOSITION 5.2 : There exists a unique value for (w
1;w
2;w
3) that satisﬁes equations
(10)-(12). Moreover, it can be deﬁned a continuous function g : [;]2 ! <3
+ that assigns
a unique value to the vector (w1;w2;w3) for any possible value of (
1;
2) in [;]2.
PROOF : Similar arguments as for lemma 2.4 lead to this result.
In the next theorem we prove that for this economy a separating competitive equilib-
rium does exist.












PROOF : This result follows from propositions 5.1 and 5.2.
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